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(54) Forward and aft torque distribution control system and method for 4wd vehicle 



(57) A forward and aft torque distribution system 
and a method of controlling forward and aft torque dis- 
tribution for a four-wheel vehicle having an electronically 
controlled clutch to control split of drive torque to be 
transferred to front and rear wheels are disclosed. A 
4WD controller is responsive to mode selection signals 
from a mode changeover switch and a vehicle speed 
signal delivered from a vehicle speed sensor, and has 
control modes involving at least a LOCK mode and an 
AUTO mode. When the vehicle speed becomes less 
than a vehicle's halt discriminative vehicle speed indic- 
ative of a vehicle's halt state during the LOCK mode, the 
controller allows the electronically controlled clutch to 
be released. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a torque split 
control system for 4WD vehicles and method, and more 
particularly, to a forward and aft torque distribution con- 
trol system for variably controlling torque distribution to 
be split to front and rear wheels of a four-wheel drive 
vehicle by controlling coupling torque of an electronical- 
ly controlled clutch and a method of controlling forward 
and aft torque distribution for the four-wheel drive vehi- 
cle. 

[0002] Considerable research and development work 
has been undertaken in the related art to suitably control 
forward and aft torque distribution of a four-wheel drive 
(hereinafter referred to as 4WD) vehicle. An attractive 
approach to the suitable control of the torque distribution 
uses a manual mode changeover switch adapted to pro- 
duce mode selection signals, a controller responsive to 
the mode selection signals, and an electronically con- 
trolled clutch controlled by the controller so as to control 
torque distribution at a variable torque split ratio to be 
split to front and rear wheels of the vehicle. The mode 
changeover switch produces a 2WD (two-wheel drive) 
mode signal (a clutch uncoupling mode signal), a LOCK 
mode signal (a clutch torque locking signal) and an AU- 
TO mode signal (an automatic clutch torque regulating 
signal ), which are manually selected. Such a 4WD ve- 
hicle is for example disclosed in Japanese Patent Ap- 
plication Laid-Open Publication No. S63-170129. 
[0003] Such an electronically controlled clutch is con- 
structed of a clutch of the type which is actuated by hy- 
draulic pressure that is electronically controlled and 
which has multiple clutch plates adapted to be coupled 
with hydraulic pressure. With the use of working oil as 
working medium to produce coupling torque, the 4WD 
vehicle is not subjected to undesired noisy sounds that 
would otherwise occur in a four-wheel (4W) drive unit 
owing to clutch coupling and twisting motions of a drive 
shaft and propeller shaft during running of the vehicle in 
forward or rearward directions under a circumstance in 
that the vehicle is fully steered in rightward or leftward. 

SUMMARY OF THE INVENTION 

[0004] However, in the electronic controlled clutch of 
the type wherein the multiple clutch plates are directly 
urged without the use of working medium which produc- 
es hydraulic pressure, coupling torque is obtained with 
the clutch through a mechanical actuating cam mecha- 
nism. With such an actuating cam mechanism, the 4W 
drive unit becomes internally replete with coupling 
torque that is caused by the electronically controlled 
clutch during running mode of the vehicle in the forward 
or rearward directions under the condition in that the ve- 
hicle is fully steered rightward or leftward. This leads to 
noisy sounds produced in the 4W drive unit. 



[0005] That is, when the LOCK mode is selected and 
engine drive torque is split over to the front and rear 
wheels on the basis of torque distribution ratio 50 : 50, 
steering the vehicle at a slow speed and at a full extent 

5 during running in the forward direction (or in the rear- 
ward direction) at the LOCK mode essentially increases 
the magnitude of torque to be replete in the 4W drive 
unit owing to twisting motions of the drive shaft and the 
propeller shaft. Under such a condition, if the vehicle is 

10 shifted in the rearward direction (or in the forward direc- 
tion), the twisting motion tends to be rapidly returned 
with a resultant noisy sound. 

[0006] In particular, when the LOCK mode is selected, 
the actuating cam mechanism of the electronically con- 
15 trolled clutch operates as follows. That is, as shown by 
whiten arrows in FIG. 3, when the LOCK mode is select- 
ed, a control cam is retracted rearward of the vehicle at 
the LOCK mode and a main cam is pushed forward of 
the vehicle at the LOCK mode, with balls losing binding 
power between separated opposing cam recesses such 
that the balls are located in an outermost area in a radial 
direction due to centrifugal force. Subsequently, when 
the twisting motion is rapidly returned, the balls, which 
remains in an unstable state without binding power, is 
apt to strike against the opposing cam recesses which 
tend to close, with a resultant knocking sound to pro- 
duce the undesired noisy sound in the 4W drive unit. 
[0007] One technology for addressing these issues is 
to uncouple the electronically controlled clutch by con- 
sidering the halt condition of the vehicle to release cou- 
pling torque thereof until the vehicle comes to a halt 
state during the forward running state and is shifted to 
the rearward running state for thereby preventing the 
4W drive unit from being replete with torque. 
[0008] However, the 4W drive unit still suffers from the 
noisy sound unless coupling torque is released until the 
vehicle is shifted from the halt condition in the forward 
running state (or in the rearward running state) to the 
rearward running state (or the rearward running state). 
[0009] The present invention has been made to ad- 
dress these issues and has an object of the present in- 
vention to provide a forward and aft torque distribution 
system for a 4WD vehicle which ensures a performance 
of a controller at a LOCK mode while avoiding a noisy 
sound from being produced in a drive unit when the 
LOCK mode is selected. 

[0010] It is another object of the present invention to 
provide a method of controlling forward and aft torque 
distribution in a 4WD vehicle so as to overcome various 
problems encountered in the related art practices. 
[0011] According to one aspect of the present inven- 
tion, there is provided a forward and aft torque distribu- 
tion control system for a four-wheel drive vehicle. The 
system comprises an electronically controlled clutch to 
control forward and aft torque distribution to be trans- 
ferred to front and rear wheels, a mode changeover 
switch selectively producing mode selection signals in- 
volving at least a LOCK mode selection signal and an 
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AUTO mode selection signal, a vehicle speed sensor 
detecting a vehicle speed and producing a vehicle 
speed signal, and a controller responsive to the mode 
selection signals and the vehicle speed signal and con- 
trolling an electronically controlled clutch to control for- 
ward and aft torque distribution to be split to front and 
rear wheels. The controller has control modes involving 
at least a LOCK mode to allow the electronically con- 
trolled clutch to be locked in a coupled state, and an 
AUTO mode to allow the electronically controlled clutch 
to be automatically controlled so as to alter forward and 
aft torque distribution in dependence on running condi- 
tions of a four-wheel drive vehicle. When the vehicle 
speed becomes less than a vehicle's halt discriminative 
vehicle speed indicative of a vehicle's halt state during 
the LOCK mode, the controller allows the electronically 
controlled clutch to be released. 
[0012] In other words, a forward and aft torque distri- 
bution control system for a four-wheel drive vehicle com- 
prises an electronically controlled clutch controlling for- 
ward and aft torque distribution to be transferred to front 
and rearwheels, modechangeovermeansforselective- 
|y producing at least a LOCK mode selection signal and 
an AUTO mode selection signal, vehicle speed sensing 
means for detecting a vehicle speed and producing a 
vehicle speed signal, and 4WD control means for con- 
trolling an electronically controlled clutch to control for- 
ward and aft torque distribution to be split to front and 
rear wheels, responsive to the mode selection signals 
and the vehicle speed signal. The 4WD control means 
has control modes involving at least a LOCK mode to 
allow the electronically controlled clutch to be locked in 
a coupled state, and an AUTO mode to allow the elec- 
tronically controlled clutch to be automatically controlled 
so as to alter forward and aft torque distribution in de- 
pendence on running conditions of a four-wheel drive 
vehicle. When the vehicle speed becomes less than a 
vehicle's halt discriminative vehicle speed indicative of 
a vehicle's halt state during the LOCK mode, the 4 WD 
control means allows the electronically controlled clutch 
to be released, 

[0013] Besides, a method of controlling forward and 
aft torque distribution control for a four-wheel drive ve- 
hicle of one aspect of the present invention prepares an 
electronically controlled clutch to control drive torque to 
be transferred to front and rear wheels, prepares a con- 
troller having control modes involving at least a LOCK 
mode to allow an electronically controlled clutch to be 
locked in a coupled state and an AUTO mode to allow 
the electronically controlled clutch to be automatically 
controlled so as to alter forward and aft torque distribu- 
tion in dependence on running conditions of a four- 
wheel drive vehicle, selectively produces mode selec- 
tion signals involving at least a LOCK mode selection 
signal and an AUTO mode selection signal, detects a 
vehicle speed and producing a vehicle speed signal, 
and controls the electronically controlled clutch with the 
controller to control forward and aft torque distribution 



to be split to front and rear wheels in response to the 
mode selection signals and the vehicle speed signal 
such that when the vehicle speed becomes less than a 
vehicle's halt discriminative vehicle speed indicative of 
a vehicle's halt state during the LOCK mode, the con- 
troller allows the electronically controlled clutch to be re- 
leased. 

[0014] Other and further features, advantages, and 
benefits of the present invention will become more ap- 
parent from the following description taken in conjunc- 
tion with the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

FIG. 1 is a system diagram of an embodiment of a 
forward and aft torque distribution system for a 4WD 
vehicle according to the present invention; 
FIG. 2 is a schematic view of an electronically con- 
trolled clutch incorporated in the forward and aft 
torque distribution system shown in FIG. 1 ; 
FIG. 3 is a perspective view illustrating an actuating 
cam mechanism of the electronically controlled 
clutch incorporated in the forward and aft torque dis- 
tribution system shown in FIG. 11 ; 
FIG. 4 is a flow diagram for illustrating the basic se- 
quence of operations in a LOCK mode control proc- 
ess to be carried out in a 4WD controller incorpo- 
rated in the forward and aft torque distribution sys- 
tem shown in FIG. 1; 

FIG. 5A is a timing diagram for comparison for illus- 
trating a basic vehicle's halt control at a LOCK 
mode; 

FIG. 5B is a timing diagram for illustrating a basic 
vehicle's halt control at the LOCK mode after control 
of the present embodiment; 

FIG. 6A is a timing diagram for comparison for illus- 
trating a basic start-up control with accelerator's de- 
pression at the LOCK mode; 
FIG. 6B is a timing diagram for illustrating a basic 
start-up control with accelerator's depression at the 
LOCK mode after control of the present embodi- 
ment; 

FIG. 7A is a timing diagram for comparison for illus- 
trating a basic creeping start-up control; 
FIG. 7B is a timing diagram for illustrating a basic 
creeping start-up control at the LOCK mode after 
control of the present embodiment; 
FIG. 8A is a timing diagram for comparison for illus- 
trating a detailed vehicle's halt control at the LOCK 
mode; 

FIG. 8B is a timing diagram for illustrating a detailed 
vehicle's halt control at the LOCK mode after control 
of the present embodiment; and 
FIG. 9 is a schematic view for illustrating a coupling 
torque varying characteristic obtained at the LOCK 
mode according to the present embodiment. 
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DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0016] To describe the present invention more in de- 
tail, preferred embodiments of the present invention will 
be explained with reference to the drawings below. 5 

(An Embodiment) 

[0017] FIG. 1 is a block diagram of an embodiment of 
a forward and aft torque distribution system for front and 10 
rear wheels of a 4 WD vehicle V according to the present 
invention. 

[001 8] The forward and aft torque distribution system 
10 includes an engine 1 2, an automatic power transmis- 
sion 1 4 coupled to the engine 1 2 through a torque con- is 
verter 14a, a front differential 16 coupled to the trans- 
mission 14, front drive shafts 18,20 coupled to the front 
differential 1 6, left and right front wheels 22,24, a torque 
split transfer 26 coupled to the front differential 1 6, a pro- 
peller shaft 28 extending from the front differential 16, 20 
an electronically controlled clutch 30 connected to a rear 
distal end of the propeller shaft 28, a rear differential 32 
coupled to the electronically controlled clutch 30, rear 
drive shafts 34,36 coupled to the rear differential 32, and 
left and right rear wheels 38,40. 25 
[0019] In particular, the 4WD vehicle to which the for- 
ward and aft torque distribution system 10 is applied is 
based on a F-F vehicle (i.e., a front engine and front 
drive vehicle) wherein drive torque produced by the en- 
gine 12 is delivered through the transmission 14 to the 30 
front wheels 22,24 and a part of drive torque is split and 
transmitted through the electronically controlled clutch 
30 to the rear wheels 38,40. In such a torque split path, 
during an un-coupling state (releasing state) of the elec- 
tronically controlled clutch 30, a drive torque split ratio 35 
(%)is preset to a forward and aft torque distribution ratio 
as expressed by the front wheel : the rear wheel = 1 00 : 
0 (%). 

[0020] During a fully coupled state of the electronically 
controlled clutch 1 0, the forward and aft torque distribu- 40 
tion ratio is preset at a predefined torque split ratio as 
expressed by the front wheel : the rear wheel = 50 : 50 
(%). Note should be taken here that the aft drive torque 
split ratio is controlled in a step-less manner at a value 
ranging from 0 to 50 % in accordance with the varying 45 
coupling state of the electronically controlled clutch 30. 
[0021] In the illustrated embodiment, for example, a 
4WD controller 44 has control modes involving a two- 
wheel drive(2WD) mode, a LOCK mode and an AUTO 
mode. In the 2WD mode, the 4WD controller 44 produc- so 
es a control command to allow the electronically con- 
trolled clutch 30 to be released to render only the front 
wheels to be driven. In the LOCK mode, the 4WD con- 
troller 44 produced a control command to allow the elec- 
tronically controlled clutch 30 to be locked in a fully cou- 55 
pled state to transfer drive torque to the rear wheels at 
the highest torque split ratio, providing a full, four-wheel 
driving property. In the AUTO mode, the forward and aft 



torque distribution ratio is automatically controlled in de- 
pendence on running conditions of the vehicle such as 
a difference in a rotational speed between the front and 
rear wheels, an accelerator opening and a vehicle 
speed. 

[0022] The vehicle speed is discriminated in the 4 WD 
controller on the basis of the rear wheel speed signals 
VRL and VRR that will be discussed later. The control 
modes are changed over by and selected with the use 
of a mode changeover switch 42 that selectively delivers 
a 2WD mode selection signal 42a, a LOCK mode selec- 
tion signal 42b and an AUTO mode selection signal 42c. 
[0023] The electronically controlled clutch 30 is con- 
trolled wit a drive current signal 44a delivered from the 
4WD controller 44, 

[0024] The 4WD controller 44 includes a microcom- 
puter which is input with mode selection signals 42a, 
42b and 42c from the mode changeover switch 42, an 
engine speed signal 46a from an engine speed sensor 
46, an accelerator opening signal 48a from an acceler- 
ator opening sensor 48, a left front-wheel speed signal 
VFL from a left front-wheel speed sensor 50, a right 
front-wheel speed signal VFR from a right front-wheel 
speed sensor 52, a left rear-wheel speed signal VRL 
from a left front-wheel speed sensor 54 and a right rear- 
wheel speed signal VRR from a right rear-wheel speed 
sensor 56. 

[0025] The 4 WD controller 44 is responsive to these 
input signals and supplies the drive current signal 44a 
to an electromagnetic solenoid 30a of the electronically 
controlled clutch 30 while supplying a display command 
signal 44b to an indicator 58 and supplying a warning 
light and alarm signal 44c to a warning light and alarm 
unit 60. 

[0026] FIG. 2 is a schematic cross sectional view of 
the electronically controlled clutch 30, and FIG. 3 is a 
perspective view for illustrating the basic concept of op- 
eration of an actuating cam mechanism forming part of 
the electronically controlled clutch 30. 
[0027] As shown in FIGS. 2 and 3, the electronically 
controlled clutch 30 includes a clutch input shaft 62 cou- 
pled to the propeller shaft 28, a clutch output shaft 64 
coupled to the rear differential 32 and extending on a 
coaxial relationship with the clutch input shaft 62, a 
clutch housing 66 extending rearward from the clutch 
input shaft 62, a main clutch 68 disposed in the clutch 
housing 66 at a front portion thereof and having multiple 
outer clutch plates 68a fixed to the clutch housing 66 
and multiple inner clutch plates 68b interposed between 
the adjacent outer clutch plates 68a and fixedly support- 
ed on a forward end of the clutch output shaft 64, a con- 
trol clutch 70 disposed in the clutch housing 66 at a rear 
portion thereof and having multiple outer clutch plates 
70a fixed to the clutch housing 66 and multiple inner 
clutch plates 70b interposed between the adjacent outer 
clutch plates 70b, and a clutch actuator 72 received in 
the clutch housing 66 between the main clutch 68 and 
the control clutch 70. 
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[0028] The clutch actuator 72 includes an axially 
moveable main cam 74 through which the clutch output 
shaft 64 axially extends, a control cam 76 disposed on 
the clutch output shaft 64 for sliding movement toward 
and way from the main cam 74 and carrying its outer 
periphery the inner clutch plates 70b of the control clutch 
70, and a plurality of balls 78 located between opposing 
cam recesses 80 of the main cam 74 and the control 
cam 76, respectively. 

[0029] With such a configuration, the actuating cam 
mechanism 84 is constructed of the main cam 74, the 
control cam 76, and the plurality of balls 78 disposed in 
the opposing cam recesses 80 as viewed in FIG. 3. 
[0030] In FIG. 2, an armature 82 is operatively sup- 
ported by the control cam 70 to actuate the same in for- 
ward or rearward directions. To this end, the electromag- 
netic solenoid 30a is fixedly supported in the clutch 
housing 66 at a rear end thereof and selectively moves 
the armature 82 in the forward or rearward directions to 
allow the control cam 76 to actuate the main clutch 68 
in an released state, a variable coupling state and a fully 
coupled state in dependence on the magnitude of drive 
current signal 44a to be supplied to the electromagnetic 
solenoid 30a. 

[0031] In operation, the electronically controlled 
clutch 30 controls operation of the main clutch 68 in a 
manner as described below. That is, during running of 
the 4WD vehicle, when the drive current signal 44a is 
supplied to the electromagnetic solenoid 30a from the 
4WD controller 44, the electromagnetic solenoid 30a 
creates a magnetic flux, thereby retracting the armature 
82 toward the control clutch 76. This causes the arma- 
ture 82 to push the control clutch 76 such that it produc- 
es frictional torque. This frictional torque is then trans- 
ferred to the control cam 76. When this occurs, the ac- 
tuating cam mechanism 84 forcibly moves the main cam 
74 in the forward direction via the opposing cam recess- 
es 80 and the plurality of balls 78. In this instance, the 
main cam 74 pushes the main clutch 68, allowing the 
same to create coupling torque at a value proportional 
to the magnitude of the drive current signal applied to 
the electromagnetic solenoid 30a. The coupling torque 
created in the main clutch 68 is then transferred through 
the clutch output shaft 64 to the rear differential 32 as 
drive torque. 

[0032] Now, the operation of the 4WD controller 44 is 
described below in detail with reference to FIG. 4. 

[LOCK mode control] 

[0033] FIG. 4 is a general flow diagram for illustrating 
the basic sequence of operations that are executed by 
the 4WD controller 44 in accordance with a program for 
executing the LOCK mode control. 
[0034] At the start, i.e., when power is applied to the 
system, the operation starts. In the first execution of step 
S100, the microcomputer of the 4WD controller 44 reads 
in the LOCK mode selection signal 42b selected by the 



mode changeover switch 42, the rear left-wheel speed 
signal VRL from the rear left-wheel speed sensor 54, 
the rear right-wheel speed signal VRR from the rear 
right-wheel speed sensor 56, and the accelerator open- 
5 ing signal 48a from the accelerator pedal opening sen- 
sor 48. 

[0035] In the next step S1 02, the microcomputer dis- 
criminates whether the control mode is in the LOCK 
mode, the 2WD mode or the AUTO mode, in response 

10 to the mode selection signals 42a, 42b and 42c deliv- 
ered from the mode changeover switch 42. In the 2WD 
mode, the operation goes to step S104 wherein the 
2WD mode control is executed for uncoupling the elec- 
tronically controlled clutch 30. In the AUTO mode, fur- 

15 ther, the operation goes to step S1 06 wherein the AUTO 
mode control is executed to control the magnitude of 
coupling torque of the electronically controlled clutch 30 
in dependence on the running conditions of the vehicle. 
In the LOCK mode, the operation goes to step S108, 

20 from which the operation further goes to succeeding 
steps S110 to S 126. 

[0036] In step S1 08, it is discriminated whether a run- 
ning mode flag FLGS represents a state FLOS = 0 or a 
state FLGS = 1 . When FLGS = 0 (YES), the operation 

25 goes to step S11 0 for executing a vehicle's halt control 
and, when FLGS = 11 (NO), the operation goes to step 
S128 for executing a vehicle's start-up control. Note 
should be taken here that the state FLGS = 0 represents 
the vehicle's running state and the state FLGS = 1 rep- 

30 resents the vehicle's halt state. 

[0037] In step S11 0, it is discriminated whetherthe ve- 
hicle speed exceeds a predefined vehicle speed Vc (i. 
e., for example, 20 Km/h). When V ^ Vc, the operation 
goes to step S1 06 and when V < Vc, the operation goes 

35 to step S 11 2. In step S110, the highest value is selected 
as the vehicle speed V from the rear left-wheel speed 
VRL and the rear right-wheel speed VRR (high select). 
[0038] InstepSl^.itisdiscriminatedwhethertheac- 
celerator opening A is less than a predefined accelera- 
te tor-ON discriminative opening Aon(l.e., for example, an 
opening degree of 5 %), that is, indicative of whether 
there exists a vehicle's halt intension. When the accel- 
erator opening A is equal to or greater than the prede- 
fined accelerator-ON discriminative opening Aon, i.e., A 

45 ^ Aon representing that there exist no vehicle's halt in- 
tension, the operation goes to step S114. In contrast, 
when the accelerator opening A is less than the prede- 
fined accelerator-ON discriminative opening Aon, i.e., A 
< Aon representing that there exists the vehicle's halt 

50 intension, the operation goes to step S11 6. 

[0039] In step S114, a control command is generated 
from the 4WD controller 44 to allow the electronically 
controlled clutch 30 to produce coupling torque T = TL1 
(i.e., for example, 65 kg • m). 

55 [0040] In stepS 11 6, it is discriminated whetherthe ve- 
hicle speed V is greater than a predefined vehicle speed 
Vb (i.e., for example, 10 km/h). When the vehicle speed 
V is equal to or greater than the predefined vehicle 
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speed Vb, i.e., V ^ Vb, the operation goes to step S1 1 8. 
In contrast, when the vehicle speed V is less than the 
predefined vehicle speed V, i.e., V < Vb, the operation 
goes to step S120. 

[0041] In step S11 8, a control command is generated 5 
from the 4WD controller 44 to allow the electronically 
controlled clutch 30 to produce coupling torque T = TL2 
(i.e., for example, 30 kg • m). 

[0042] In step S120, it is discriminated whether the 
vehicle speed V is greater than a predefined vehicle's 10 
halt discriminative vehicle speed Va(i.e., for example, 
2.75km/h). When the vehicle speed V is equal to or 
greater than the predefined vehicle's halt discriminative 
vehicle speed Va, i.e., V ^ Va, the operation goes to 
step S1 22. In contrast, when the vehicle speed V is less 15 
than the predefined vehicle's stop discriminative vehicle 
speed Va, i.e., V < Va, the operation goes to step S124. 
[0043] I n step S1 22, a control command is generated 
from the 4WD controller 44 to allow the electronically 
controlled clutch 30 to produce coupling torque T = TL3 20 
(i.e., for example, 10 kg • m). 

[0044] In step S1 24, a control command is generated 
from the 4WD controller 44 to allow the electronically 
controlled clutch 30 to produce coupling torque T = 0 (i. 
e., an uncoupling state of the clutch 30). 25 
[0045] In step S126, the running mode flag FLGS is 
reset from FLGS = 0 to FLGS = 1 . 
[0046] In step S128, it is discriminated whether the 
accelerator opening A is greater than the predefined ac- 
celerator-ON discriminative opening Aon (i.e., for exam- 30 
pie, the opening degree of 5 %), that is, whether the ac- 
celerator pedal is depressed with a start-up intension. 
When the accelerator opening A is equal to or greater 
than the predefined accelerator-ON discriminative 
opening Aon, i.e., A ^ Aon by which it is regarded that 35 
there exists the start-up intension, the operation goes 
to step S130. In contrast, when the accelerator opening 
A is less than the predefined accelerate r-ON discrimi- 
native opening Aon, i.e. , A < Aon by which it is regarded 
that there exists no start-up intension, the operation 40 
goes to step S134. 

[0047] In step S1 30, a control command is generated 
from the 4WD controller 44 to allow the electronically 
controlled clutch 30 to produce the controllable driving 
torque T = TL1 (i.e., for example, 65 kg • m). 45 
[0048] In step S132, the running mode flag FLGS is 
reset from FLGS = 1 to FLGS = 0. 
[0049] In step S134, it is discriminated whether the 
vehicle speed V is greater than the predefined vehicle's 
creeping start-up discriminative speed Vb(i.e. , for exam- so 
pie, 10 km/h). When the vehicle speed V is equal to or 
greater than the predefined vehicle's creeping start-up 
discriminative speed Vb, i.e., V^ Vb, the operation goes 
to step S136. In contrast, when the vehicle speed V is 
less than the predefined vehicle's creeping start-up dis- ss 
criminative speed Vb, i.e., V < Vb, the operation goes 
to step S138. 

[0050] In step S1 36, a control command is generated 



from the 4WD controller 44 to allow the electronically 
controlled clutch 30 to produce copupling torque T = TL2 
(i.e., for example, 30 kg • m). 

[0051] In step S138, a control command is generated 
from the 4WD controller 44 to allow the electronically 
controlled clutch 30 to produce coupling torque T = 0 (i. 
e., the uncoupling state of the clutch 30). 

[Basic Vehicle's Halt Control] 

[0052] Under a circumstance wherein the LOCK 
mode is selected by the mode changeover switch 42 
and the 4WD controller 44 allows the electronically con- 
trolled clutch 30 to be locked in the coupled state to pro- 
vide coupling torque TL1 , in the general flow diagram 
shown in FIG. 4, if the vehicle speed V is regarded to be 
less than the vehicle's halt discriminative vehicle speed 
Va, the operation goes to S124to allow the electronically 
controlled clutch 30 to be released to remove coupling 
torque as expressed by the formula T = 0. 
[0053] That is, during the running stage of the vehicle 
wherein forward driving or rearward driving are execut- 
ed under a condition wherein the LOCK mode is select- 
ed and the vehicle is fully steered in rightward or rear- 
ward directions, if the electronically controlled clutch 30 
remains unchanged in its coupled state at a time instant 
t1 with the coupling torque TL as viewed in FIG. 5A, a 
four-wheel drive unit (4W drive unit) incorporating the 
electronically controlled clutch 30 suffers from an unde- 
sired noisy sound owing to the 4W drive unit replete with 
torque. 

[0054] On the contrary, the presence of a discrimina- 
tive condition wherein the vehicle speed V becomes less 
than the vehicle's halt discriminative vehicle speed Va 
during a transition stage shifted from the running state 
to the vehicle's halt state in the LOCK mode renders the 
4WD controller 44 to uncouple the electronically control- 
led clutch 30 at the time instant t1 as viewed in FIG. 5B. 
Since, in this instance, the electronically controlled 
clutch 30 is rendered inoperative at the time instant t1 
in FIG. 5B after confirming the halt state of the vehicle, 
it is possible to avoid a delay in timing of uncoupling the 
clutch to prevent the generation of the nosy sound in a 
reliable fashion. 

[0055] As a consequence, it is possible to enhance 
an improved operating performance in the LOCK mode 
owing to the clutch 30 remaining in the coupled state 
with coupling torque TL1 until the vehicle comes to a 
nearly halt state and to prevent the generation of the 
noisy sound, that would be otherwise caused at the tim- 
ing when the LOCK mode is selected, by uncoupling the 
clutch 30 at a suitable timing. 

[Vehicle's Start-up Control With Accelerator 
Depression] 

[0056] In the event that when the LOCK mode is se- 
lected and the vehicle's halt control with the accelerator 
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depression is executed to allow the electronically con- 
trolled clutch 30 to be released, the operation goes from 
step S108 to step S128, as viewed in FIG. 4. In step 
S128, when the accelerator opening A exceeds the ac- 
celerator-ON discriminative opening Aon, the operation 
goes to step S130 wherein a control command is gen- 
erated from the 4 WD controller 44 to allow the electron- 
ically controlled clutch 30 to produce coupling torque 
TL1 . 

[0057] That is, in the event that the vehicle is shifted 
from the halt state to the start-up state, if the electroni- 
cally controlled clutch 30 remains unchanged with cou- 
pling torque TL as viewed in FIG. 6A, the four-wheel 
drive unit encounters the noisy sound as described 
above. 

[0058] During such a shifting stage from the vehicle's 
halt state to the vehicle's start-up state, if the electroni- 
cally controlled clutch 30 is coupled in dependence on 
the vehicle speed condition as, for example, in the con- 
trol at the vehicle's halt, the vehicle remains unchanged 
in the 2W drive state until the vehicle speed reaches the 
predefined vehicle speed, it is difficult to obtain a pref- 
erable start-up drivability by making the best use of a 
performance of the 4W drive unit inherent to the LOCK 
mode. 

[0059] in contrast, the accelerator's opening condi- 
tion, wherein the accelerator opening A exceeds the ac- 
celerator-ON discriminative opening Aon, represents a 
start-up intension of the vehicle. The 4WD controller 44 
is arranged such that when the start-up intension of the 
vehicle is detected at a time instant t2 as viewed in FIG. 
6B, the electronically controlled clutch 30 is coupled so 
as to sharply obtain coupling torque TL1 in the LOCK 
mode as viewed in FIG. 6B. 

[0060] Accordingly, by rendering the electronically 
controlled clutch 30 to be quickly coupled and to be re- 
turned to its LOCK mode when the start-up intension 
has been confirmed during transition stage from the ve- 
hicle's halt state to the vehicle's start-up state, it is pos- 
sible to obtain a preferable start-up performance of the 
vehicle with the best use of the 4WD performance due 
to its LOCK mode. 

[Creeping Start-up Control] 

[0061] Initially, it is to be noted that the 4 WD vehicle, 
to which the present invention is applied, is of the type 
wherein, as shown in FIG. 1 , a drive train is constructed 
of the automatic power transmission 14 including the 
torque converter 14a. 

[0062] When, in such an arrangement, the LOCK 
mode is selected, the electronically controlled clutch 30 
is released in the vehicle's halt control process and the 
detected accelerator opening is less than the predefined 
accelerator-ON discriminative opening Aon, the opera- 
tion goes from step S1 28 to step S1 34 wherein the elec- 
tronically controlled clutch 30 remains unchanged in the 
released state until it is regarded that the vehicle speed 



exceeds the predefined vehicle speed Vb, representing 
the vehicle's creeping start-up, greater than the prede- 
fined vehicle's halt discriminative vehicle speed Va. 
[0063] That is, during a shift from the vehicle's halt 

5 state to the vehicle's creeping start-up state, if the elec- 
tronically controlled clutch 30 remains unchanged in the 
coupled state with the coupling torque TL1 as viewed in 
FIG. 7A, the 4W drive unit encounters the noisy sound 
as described above. 

10 [0064] Also, during the shift from the vehicle's stop 
state to the vehicle's creeping start-up state, if the elec- 
tronically controlled clutch 30, which has been released, 
is quickly coupled when the vehicle speed V exceeds 
the vehicle's stop discriminative vehicle speed Va, the 

is vehicle encounters an undesirable change in attitude 
due to twisting motion of the drive train caused by the 
clutch 30 replete with coupling torque. 
[0065] On the contrary, as viewed in FIG. 7B, the elec- 
tronically controlled clutch 30 is arranged to remain un- 

20 changed in the uncoupling state until it is regarded that 
the vehicle speed V exceeds the predefined vehicle 
speed Vb, representing the vehicle's creeping start-up, 
which is greaterthan the vehicle's halt discriminative ve- 
hicle speed Va. That is, when the vehicle speed V is 

25 equal to or less than the vehicle's halt discriminative ve- 
hicle speed Va at a time instant t3in FIG. 7B, and when 
the vehicle speed reaches the creeping start-up discrim- 
inative vehicle speed Vb, which is higher than the vehi- 
cle's halt discriminative vehicle speed Va, the controller 

30 44 produces a control command to allow the electroni- 
cally controlled clutch 30 to be sharply coupled at a time 
instant t4 as viewed in FIG. 7B. 

[0066] Accordingly, in the creeping start-up step due 
to creeping torque produced by the torque converter, the 
35 electronically controlled clutch 30 remains released until 
the vehicle speed exceeds the predefined creeping 
start-up discriminative vehicle speed Vb, thereby pre- 
venting the variation in the vehicle's attitude to be 
caused by the clutch coupling. 

40 

[Vehicle's Halt Control] 

[0067] In the vehicle's halt control in the LOCK mode, 
if the vehicle speed is less than the predefined vehicle 

45 speed Vc as seen in the general flow diagram in FIG. 4, 
the operation goes from step S1 1 0 to step S1 1 2 wherein, 
when the vehicle's halt intension is confirmed in re- 
sponse to a releasing operation of the accelerator pedal, 
a control command is produced to allow the electroni- 

50 cally controlled clutch 30 to be coupled with coupling 
torque T at varying magnitudes TL1 , TL2 and TL3 that 
are lowered in a stepwise manner with a decrease in the 
vehicle speed. In step S120, when the vehicle speed V 
becomes less than the vehicle's halt discriminative ve- 

55 hide speed Va, the operation goes to step Si 24 to allow 
the electronically controlled clutch 30 to be released. 
[0068] That is, in the event that the vehicle is running 
forward or rearward under a condition wherein the 
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LOCK mode is selected and the vehicle is fully steered 
rightward or leftward, if the electronically controlled 
clutch 30 remains in the coupled state with coupling 
torque TL as viewed in FIG. 8A, the 4WD unit, in which 
the electronically controlled clutch 30 is incorporated, 5 
encounters the noisy sound owing to the 4 WD unit re- 
plete with torque. 

[0069] To address this issue, if the electronically con- 
trolled clutch 30 is released quickly after it has been re- 
garded that the vehicle is brought into the nearly halt 10 
condition, although the noisy sound is avoided, another 
problem is encountered in that an uncoupling operation, 
which renders coupling torque to be reduced to zero 
from the greater coupling torque at a stretch, allows the 
twisting torque to be rapidly lost in the drive train. This 15 
causes the vehicle to shake owing to a reactive twisting 
force. 

[0070] In contrast, when the vehicle's halt intension is 
confirmed in response to the releasing operation of the 
accelerator pedal at a time instant t5 as viewed in FIG. 20 
8B, since the vehicle speed is preliminarily decreased 
from the greater vehicle speed Vc to the lower vehicle 
speed Va via the time instants t6 and t7 and the coupling 
torque T is lowered in a sequence TL1 -» TL2->TL3 in a 
stepwise manner at the time instants t5, t6 and t7, it is 25 
possible for coupling torque to be varied in a small range 
during the uncoupling operation of the electronically 
controlled clutch 30. 

[0071] As a consequence, even when the vehicle is 
shifted from the running state to the halt condition in the 30 
LOCK mode, the electronically controlled clutch 30 can 
be released while avoiding the shaking of the vehicle. 

[Start-up and Running Process At LOCK MODE] 

35 

[0072] The coupling torque varying characteristic of 
the electronically control clutch 30 is described below in 
detail with reference to FIG. 9 in terms of a start-up proc- 
ess responsive to the accelerator's depression (i.e., an 
accelerator-ON) and a creeping start-up process. 40 

1. Start-up process with accelerator-ON (i.e., be- 
yond an accelerator opening of 5 %) 

1) Vehicle's halt© -^start-up with the acceler- 45 
ator-ON (between © — @ )-»continued run- 
ning with the accelerator-ON (between 

© — ® )->the vehicle speed in the range be- 
tween Vb and Vc-»AUTO mode at the vehicle 
speed Vc, provided that the mode indicator re- so 
mains in the LOCK mode (after® ). 

2) Vehicle's halt © -^start-up with accelera- 
tor-ON (between © — © ) -» continued run- 
ning with accelerator-ON (between © — ® ) 

— » accelerator-OFF at the vehicle speed less ss 
than Vb to Vc (® — ® )-» running with the 
accelerator-FF at the vehicle speed between 
Vb and Vc-> running with the accelerator-OFF 
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at the vehicle speed less than Va to Vb ve- 
hicle's halt at the vehicle speed 0 to Va (© — 
©). 

3) Vehicle's halt <© -> start-up with the accel- 
erator-ON (3) — © )-» running with the accel- 
erator-ON at the vehicle speed less than Va to 
Vb accelerator-OFF at the vehicle speed 
less than the vehicle speed Va to Vb (among 
® -KD -O ^vehicle's halt at the vehicle 
speed 0 to Va (® — ©). 

2. Creeping start-up process with accelerator-OFF 
(I.e., less than the accelerator opening of 5 %) 

1) Vehicle's halt© -> creeping start-up with 
the accelerator-OFF (between © — ®) 
-»eaccelerator-OFF at the vehicle speed less 
than Va to Vb (between (© — ® )-> acceler- 
ator-OFF at the vehicle speed Vb to Vc (among 
®-<D-*®:)-»AUTO mode at the vehicle 
speed greater than Vc with the accelera- 
tor-OFF ( provided that the mode indicator re- 
mains in the LOCK mode). 

In the above processes, when the vehicle 
is fully steered during running in the LOCK 
mode on a dry road surface, the vehicle is 
caused to stall with the accelerator-ON due to 
a tight corner-braking effect. With such an ac- 
celerator-OFF condition, although the vehicle 
stalls once due to the tight corner-braking ef- 
fect, the 4WD controller 44 discriminates the 
vehicle's halt (i.e. representing that the rotation- 
al speed of the drive wheel remaining outside 
a non-driven wheel becomes less than the pre- 
defined vehicle's halt discriminative vehicle 
speed Va), thereby releasing drive torque by 
uncoupling the clutch 30. This leads to the 2W 
drive state in the drive train to enable the vehi- 
cle to be fully steered while enabling start-up of 
the vehicle at the creeping condition. 

2) Vehicle's halt © -> creeping start-up with 
the accelerator-OFF (between© — ® )-» ac- 
celerator-OFF at the vehicle speed less than Va 
to Vb (between © — ® ) -> accelerator-ON 
at the vehicle speed Va to Vb (jumping between 
© — ® ) -> accelerator-OFF at the vehicle 
speed less than Va to Vb {among® -<D -<£) ) 
-►vehicle's halt at the veh icle speed 0 to Va (be- 
tween® — ©). 

(Alternative Embodiments) 

[0073] In the illustrated embodiment discussed 
above, while the forward and aft torque distribution con- 
trol system has been exemplarily illustrated as applied 
to the 4WD vehicle of the front wheel drive type s it should 
be noted that the principal concept of the present inven- 
tion may also be applied to a forward and aft torque dis- 



8 



15 



EP 1 188 596 A2 



16 



tribution system of the 4WD vehicle of the rear wheel 
drive type or to a torque distribution system which incor- 
porates a forward drive path, a rearward drive path and 
forward and rearward electronically controlled clutches 
associated with the forward and rearward drive paths, 5 
respectively, for controlling torque distribution of the 
front and rear wheels. 

[0074] In the illustrated embodiment, while the elec- 
tronically controlled clutch has been exemplarily shown 
and described as including a control clutch adapted to 10 
be actuated with the electromagnetic solenoid, and the 
main clutch adapted to be coupled with the actuating 
cam mechanism, the electronically controlled clutch 
may also be of the type which employs the control clutch 
composed of multi clutch plates adapted to be coupled is 
with hydraulic control pressure or the control clutch com- 
posed of other actuating cam mechanism than the ac- 
tuating cam mechanism composed of the cam recesses 
and the balls. 

[0075] In the illustrated embodiment, while the for- 20 
ward and aft torque distribution system has been shown 
and described as applied to the example wherein the 
coupling torque of the clutch is lowered in the stepwise 
manner in dependence on the decrease in the vehicle 
speed when it is regarded that, when the LOCK mode 25 
is selected and the vehicle speed is less than the pre- 
defined vehicle speed Vc, the vehicle speed represents 
the vehicle's halt intension, the magnitude of coupling 
torque may be lowered in the non-stepwise manner with 
the decrease in the vehicle speed. 30 
[0076] In the illustrated embodiment, while the for- 
ward and aft torque distribution system has been shown 
and described as applied to the example wherein the 
vehicle's halt intension is discriminated from the accel- 
erator's OFF operation, the vehicle's halt intension may 35 
be discriminated from the braking operation or the de- 
crease in the vehicle speed or the combination of one 
or plural of these factors. 

[0077] The system and the method for drive torque 
distribution control of the present invention provides nu- 40 
merous advantages over the related art practices and 
which are summarized as below. 

(A) In the event that the vehicle speed V is less than 
the vehicle's halt discriminative vehicle speed Va in * 5 
the LOCK mode, the electronically controlled clutch 
30 is controlled such that it is released, allowing the 
electronically controlled clutch 30 to remain in the 
coupled state with coupling torque TL1 until the ve- 
hicle comes to the nearly halt state for thereby en- 50 
hancing the performance of the LOCK mode. Also, 
it is possible for the 4W drive unit not to produce the 
noisy sound, that would be otherwise caused during 
selection of the LOCK mode, by uncoupling the 
electronically controlled clutch at the suitable tim- 55 
ing. More particularly, in the event that when the 
LOCK mode is selected by the mode changeover 
switch to allow the electronically controlled clutch 



30 to be locked in the coupled state, if the vehicle 
speed detected by the vehicle speed sensor is dis- 
criminated to be less than the vehicle's halt discrim- 
inative vehicle speed in the vehicle's halt control 
process, the control is executed to uncouple the 
electronically controlled clutch. That is, during the 
running condition of the vehicle in the forward or 
rearward directions under the circumstance where- 
in the LOCK mode is selected and the vehicle is fully 
steered rightward or leftward, if the electronically 
controlled clutch remains in the coupled state, the 
4WD unit encounters the noisy sound that would be 
otherwise caused in the electronically controlled 
clutch which is replete with torque. This noisy sound 
does not disappear even when the electronically 
controlled clutch is released on the basis of the dis- 
crimination of the vehicle's halt unless the electron- 
ically controlled clutch is released before the vehicle 
is shifted to forward running or rearward running. 
On the contrary, when it is regarded that when the 
vehicle is shifted from the running state to the halt 
condition in the LOCK mode, the vehicle speed be- 
comes less than the vehicle's halt discrimination ve- 
hicle speed indicative of the nearly halt state of ve- 
hicle, the electronically controlled clutch is control- 
led to be released, thereby preventing the noisy 
sound from being produced in a reliable manner 
without causing a time delay, in the uncoupling tim- 
ing of the clutch, that would otherwise occur when 
the clutch is released after confirming the halt state 
of the vehicle. It will thus be noted that by allowing 
the clutch to remain in the coupled state until the 
vehicle comes to the nearly halt state, it is possible 
to obtain the improved performance of the LOCK 
mode control process and to prevent the noisy 
sound from being produced in the selected LOCK 
mode owing to the suitable uncoupling timing. 
(B) In the event that when electronically controlled 
clutch 30 is released by the vehicle's halt control 
process in the selected LOCK mode, if the acceler- 
ator opening A exceeds the accelerator-ON dis- 
criminative opening Aon, the control command is 
produced to allow the electronically controlled 
clutch to be coupled with coupling torque TL1 such 
that when the vehicle is shifted from the halt state 
to the running state, the 4WD controller 44 allows 
the electronically controlled clutch to return to the 
clutch coupling state promptly after the vehicle's 
halt intension has been confirmed, thereby enhanc- 
ing the desired start-up operating performance with 
the best use of the 4W drive operating performance 
in the LOCK mode. More specifically, when the ac- 
celerator opening exceeds the accelerator-ON dis- 
criminative opening in the accelerator-ON start-up 
control process under the circumstances wherein 
when the LOCK mode is selected, the electronically 
controlled clutch is released due to the vehicle's halt 
control process, the control command is produced 
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such that the electronically controlled clutch is cou- 
pled to produce coupling torque. That is, during the 
shift from the halt state to the running state of the 
vehicle, if for example the electronically controlled 
clutch is brought into the coupled condition in de- s 
pendence on the vehicle speed condition as in the 
vehicle's halt control process, the vehicle remains 
in the 2WD state during running until the vehicle 
speed exceeds the predefined vehicle speed, with 
a resultant difficulty in obtaining the desired start- 10 
up driving performance making the best use of the 
four-wheel drive performance in the LOCK mode. 
In contrast, the forward and aft drive torque distri- 
bution control method and system make it possible 
for the 4WD controller to return to the LOCK mode 15 
to render the electronically controlled clutch to be 
coupled to meet the driver's will for the start-up of 
the vehicle promptly after the vehicle's start-up in- 
tension has been confirmed during the shift from the 
halt state to the start-up state provided that the ac- 20 
celerator opening exceeds the accelerator-ON dis- 
criminative opening, thereby obtaining the desired 
start-up drivability with the best use of the 4WD op- 
erating performance in the LOCK mode. 

(C) Since the electronically controlled clutch 30 re- 25 
mains in the released state until the vehicle speed 

V exceeds the predefined vehicle speed Vb indica- 
tive of the creeping start-up of the vehicle when the 
LOCK mode is selected and the accelerator open- 
ing A remains less than the accelerator-ON discrim- 30 
inative opening, it is possible to prevent the varia- 
tion in the vehicle's attitude due to its jolt motion that 
would otherwise occur in the drive train owing to the 
clutch coupling during the creeping start-up. In par- 
ticular, the 4WD vehicle includes the drive train 35 
composed of the automatic power transmission 
equipped with the torque converter. In such a drive 
train, when the electronically controlled clutch is re- 
leased by the vehicle's halt control process in the 
selected LOCK mode and the detected accelerator *o 
opening remains less than the accelerator-ON dis- 
criminative opening, the electronically controlled 
clutch remains released until the detected vehicle 
speed exceeds the creeping start-up discriminative 
vehicle speed greater than the vehicle's halt dis- 45 
criminative vehicle speed. Accordingly, during the 
creeping start-up of the vehicle due to the creeping 
torque of the torque converter, the electronically 
controlled clutch remains released until the vehicle 
speed exceeds the creeping start-up discriminative so 
vehicle speed, it is possible for the vehicle's attitude 
from being detrimentally varied owing to the jolt mo- 
tion caused by the clutch coupling even when the 
vehicle is fully steered. 

(D) When the vehicle speed V remains less than the 55 
predefined vehicle speed Vc and the vehicle's halt 
intension is discriminated in the selected LOCK 
mode, since the control command is produced to 



lower the magnitude of coupling torque of the elec- 
tronically controlled clutch 30 in the stepwise man- 
ner in dependence on the decrease in the vehicle 
speed and the electronically controlled clutch is re- 
leased when the vehicle speed becomes less than 
the vehicle's halt discriminative vehicle speed Va, it 
is possible for the electronically controlled clutch 30 
to be released while preventing the vehicle's jolt mo- 
tion during the shift from the running mode to the 
halt mode in the LOCK mode. That is, although the 
noisy sound disappears by uncoupling the electron- 
ically controlled clutch promptly after it has been 
discriminated that the vehicle comes to the nearly 
halt condition, the uncoupling operation of the elec- 
tronically controlled clutch from its greater coupling 
torque to the zero torque at a stretch causes the 
twisting torque to be rapidly removed from the drive 
train to produce the reactive force, thereby causing 
the vehicle to sufferfrom the jolt motion. In contrast, 
the discrimination of the driver's will to halt the ve- 
hicle responsive to the releasing operation of the 
accelerator pedal or the braking operation allows 
the electronically controlled clutch to be lowered in 
the magnitude of coupling torque in the stepwise or 
non-stepwise manners with the decrease in the ve- 
hicle speed ranging from the predefined greater ve- 
hicle speed to the low vehicle speed. This may 
prove beneficial to reduce the range in variation of 
the coupling torque in the final uncoupling stage of 
the electronically controlled clutch. Thus, when the 
vehicle is shifted from the running state to the halt 
state in the LOCK mode, the electronically control- 
led clutch may be released without causing the ve- 
hicle to suffer from the jolt motion. 

[0078] The entire content of a Patent Application No. 
TOKUGAN 2000-282897 with a filing date of September 
19, 2000 in Japan is hereby incorporated by reference. 
[0079] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 
in the art, in light of the teachings. The scope of the in- 
vention is defined with reference to the following claims. 



Claims 

1 . A forward and aft torque distribution control system 
for a four-wheel drive vehicle comprising: 

an electronically controlled clutch controlling 
forward and aft torque distribution to be trans- 
ferred to front and rear wheels, comprising: 

a mode changeover switch selectively pro- 
ducing mode selection signals involving at 
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least a LOCK mode selection signal and an 
AUTO mode selection signal; 
a vehicle speed sensor detecting a vehicle 
speed and producing a vehicle speed sig- 
nal; and 

a controller responsive to the mode selec- 
tion signals and the vehicle speed signal 
and controlling an electronically controlled 
clutch to control forward and aft torque dis- 
tribution to be split to front and rear wheels, 

wherein the controller has control modes in- 
volving at least a LOCK mode to allow the electron- 
ically controlled clutch to be locked in a coupled 
state, and an AUTO mode to allow the electronically 
controlled clutch to be automatically controlled so 
as to alter forward and aft torque distribution in de- 
pendence on running conditions of a four-wheel 
drive vehicle, 

and wherein when the vehicle speed be- 
comes less than a vehicle's halt discriminative ve- 
hicle speed indicative of a vehicle's halt state during 
the LOCK mode, the controller allows the electron- 
ically controlled clutch to be released. 

2. A forward and aft torque distribution control system 
according to claim 1 , further comprising an acceler- 
ator opening sensor detecting an accelerator open- 
ing to produce an accelerator opening signal, 

wherein when the LOCK mode is selected 
and the electronically controlled clutch is released 
by the controller, the controller is operative during 
start-up of the vehicle to produce a control com- 
mand to allow the electronically controlled clutch to 
be coupled to provide coupling torque in response 
to the accelerator opening equal to or exceeding an 
accelerator-ON discriminative opening. 

3. A forward and aft torque distribution control system 
according to claim 1, wherein the four-wheel drive 
vehicle includes a drive train composed of an auto- 
matic power transmission having a torque convert- 
er, 

and wherein when the LOCK mode is select- 
ed and the electronically controlled clutch is re- 
leased by the controller while the accelerator open- 
ing is less than an accelerator-ON discriminative 
opening, the controller is operative during a creep- 
ing start-up of the vehicle to allow the electronically 
control clutch to remain released until the vehicle 
speed becomes equal to or exceeds a creeping 
start-up discriminative vehicle. 

4. A forward and aft torque distribution control system 
according to claim 3, wherein the creeping start-up 
discriminative vehicle speed is greater than the ve- 
hicle's halt discriminative vehicle speed. 



5. A forward and aft torque distribution control system 
according to claim 1 , wherein when the LOCK mode 
is selected and the vehicle speed is less than a pre- 
defined vehicle speed and a halt intension of the 

5 vehicle is discriminated, the controller is operative 

to produce a control command to allow the electro n- 
ically controlled clutch to gradually lower coupling 
torque with a decrease in the vehicle speed, and 
when the vehicle speed becomes less than the ve- 
10 hide's halt discriminative vehicle speed, the control- 
ler allows the electronically controlled clutch to be 
released. 

6. A forward and aft torque distribution control system 
15 according to claim 5, further comprising an acceler- 
ator opening sensor detecting an accelerator open- 
ing to produce an accelerator opening signal, 

wherein when the accelerator opening signal 
corresponds to the accelerator opening less than 
20 an accelerator-ON discriminative opening, the halt 
intension of the vehicle is discriminated. 

7. A forward and aft torque distribution control system 
according to claim 1, wherein the controller has a 

25 2WD control mode to allow the electronically con- 
trolled clutch to be released. 

8. A forward and aft torque distribution control system 
according to claim 1, wherein the four-wheel drive 

30 vehicle includes an engine to produce a power out- 
put, an automatic power transmission coupled to 
the engine and a torque-split transfer coupled to the 
automatic power transmission to deliver drive 
torque to the front and rear wheels, 
35 and wherein the electronically controlled 

clutch is coupled between the torque-split transfer 
and the rear wheels and includes an input shaft cou- 
pled to the torque-split transfer, an output shaft cou- 
pled to the rear wheels, a main clutch located be- 
40 tween the input and output shafts to selectively as- 
sume a coupled state and an released state, an ac- 
tuating mechanism allowing the main clutch to be 
coupled or released, and an electromagnetic coil 
associated with the actuating mechanism and elec- 
45 trically connected to the controller to receive a drive 
current signal therefrom. 

9. A forward and aft torque distribution control system 
for a four-wheel drive vehicle comprising: 
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an electronically controlled clutch controlling 
forward and aft torque distribution to be trans- 
ferred to front and rear wheels, comprising: 

mode changeover means for selectively 
producing at least a LOCK mode selection 
signal and an AUTO mode selection signal; 
vehicle speed sensor means for detecting 
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a vehicle speed and producing a vehicle 
speed signal; and 

4WD control means for controlling an elec- 
tronically controlled clutch to control for- 
ward and aft torque distribution to be split 5 
to front and rear wheels, responsive to the 
mode selection signals and the vehicle 
speed signal, 

wherein the 4WD control means has control 10 
modes involving at least a LOCK mode to allow the 
electronically controlled clutch to be locked in a cou- 
pled state, and an AUTO mode to allow the elec- 
tronically controlled clutch to be automatically con- 
trolled so as to alter forward and aft torque distribu- 15 
tion in dependence on running conditions of a four- 
wheel drive vehicle, 

and wherein when the vehicle speed be- 
comes less than a vehicle's halt discriminative ve- 
hicle speed indicative of a vehicle's halt state during 20 
the LOCK mode, the 4 WD control means allows the 
electronically controlled clutch to be released. 

10. A method of controlling forward and aft torque dis- 
tribution control for a four-wheel drive vehicle, com- 25 
prising: 



preparing an electronically controlled clutch to 
control drive torque to be transferred to front 
and rear wheels; 30 
preparing a controller having control modes in- 
volving at least a LOCK mode to allow an elec- 
tronically controlled clutch to be locked in a cou- 
pled state, and an AUTO mode to allow the 
electronically controlled clutch to be automati- 35 
cally controlled so as to alter forward and aft 
torque distribution in dependence on running 
conditions of a four-wheel drive vehicle; 
selectively producing mode selection signals 
involving at least a LOCK mode selection signal *o 
and an AUTO mode selection signal; 
detecting a vehicle speed and producing a ve- 
hicle speed signal; and 

controlling the electronically controlled clutch 
with the controller to control forward and aft 45 
torque distribution to be split to front and rear 
wheels in response to the mode selection sig- 
nals and the vehicle speed signal such that 
when the vehicle speed becomes less than a 
vehicle's halt discriminative vehicle speed in- so 
dicative of a vehicle's halt state during the 
LOCK mode, the controller allows the electron- 
ically controlled clutch to be released. 
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